Objectives: French Guiana attracts numerous migrants in search of a better life. They often live in very poor conditions, and may thus have difficulties in accessing care. The objective of the study was to look at differences between French and non-French ESRD patients in French Guiana. Material and methods: Data from REIN registry in French Guiana was used between 1 January 2011 and 31 December 2016. Data from the population census was used to compare the prevalence of ESRD between French and foreign citizens. Longitudinal data was analyzed using survival analysis. Cox proportional hazards modelling was used. Results: Half of patients on dialysis were of foreign origin. The odds ratio of ESRD was 2.2 (95% CI = 1.8-2.8, p < 0.0001) for foreigners relative to French citizens. When looking at adults only, immigrants were still more likely to have ESRD OR = 1.45 (95% CI = 1.2-1.7), p < 0.001. There was a significant age difference between foreign patients with ESRD and French patients with ESRD, 58.9 years (SD = 13.79) vs. 62.2 years (SD = 16.03), respectively, p = 0.02. No significant difference was found between French citizens and migrants regarding the underlying nephropathy, or mortality. However, when adjusting for age and looking at specific nationalities, patients from Guyana, Brazil, and the Dominican Republic, had a greater mortality. Conclusions: Although there was no difference in prevalence between migrants and French citizens, the age at diagnosis of ESRD was lower in immigrants from neighboring countries Guyana, Suriname, and Brazil. Age-adjusted mortality was higher in some immigrant groups relative to French patients. Earlier detection of socially vulnerable patients with renal failure or with risk factors for renal failure should be a priority in French Guiana.
(remaining health costs, transport, etc.) may also help account for the social inequalities in health. The reasons why patients are tested late or let serious diseases evolve without treatment are complex. Certain persons do not use the available public health-services, while for others obstacles will ultimately lead to renouncing health care despite recognizing a need for it [4] . In the USA, it was shown that the incidence of ESRD (end stage renal disease) attributed to diabetes was strongly associated with area-based measures of access to care, suggesting that difficulties in accessing care were linked to ESRD [5] .
French Guiana is a French territory located in South America. The population is estimated to be 252,338 living on a territory of 83,846 km 2 [6] . The GDP per capita is the highest in Latin America, which makes French Guiana attractive for numerous migrants in search of a better life. Thus, 29% of the population are foreign national [7] . Regarding the health care system, the standard of care is often much better than elsewhere in Latin America, with public funding and access to rights that are unmatched elsewhere on the continent [8] . Paradoxically, in comparison with other French territories, French Guiana faces numerous challenges [9] : it has the highest population growth rate on the continent, it has numerous socio-economic problems, a high unemployment rate, and 30% of the population who are immigrants, often live in poverty, do not speak French, and are frequently illiterate [9, 10] . A large proportion of this population does not have a valid health insurance, which restricts their access to prevention and care.
In France, French Guiana is perceived as a wild territory still struggling with tropical diseases, snakes and insects. However, in reality there has been an epidemiologic transition from infectious diseases towards chronic diseases. The end stage renal disease registry in French Guiana has shown a high prevalence of end stage renal disease in this territory [11] . Health inequalities have been reported in French Guiana for a number of specific health problems, with migrants often having poorer outcomes than French nationals. The objective of the present study is to unmask health inequalities for migrants in accessing ESRD care within French Guiana. The ultimate aim would be to upgrade, if necessary, the detection and care of renal failure or potential causes of renal failure in order to mitigate the burden of ESRD in French Guiana.
MATERIAL AND METHODS

POPULATION
Data from the cohort of patients included in the REIN (Réseau Epidémiologie et Information en Néph-rologie) registry for end stage renal disease was used between 1 January 2011 and 31 December 2016 in French Guiana [12] . The study population consisted of patients receiving treatment for ESRD by either dialysis or renal transplantation followed in one of the five treatment centers in French Guiana.
REIN REGISTRY DATA
The REIN registry describes the incidence and prevalence of ESRD treated by renal replacement therapy. It also reports treatments, population characteristics, patient survival, and access to renal transplant. The registry is exhaustive for patients with end stage renal disease. The registry covers mainland France and overseas French territories which allows benchmarking and identifying epidemiologic differences. This cohort was approved by the French Regulatory authorities CNIL (Commission Nationale de l'Informatique et des Libertés authorisation n° 903188) and the CCTIRS (Comité Consultative sur le traitement de l'Information en matière de Recherche dans le domaine de la Santé, authorization n° 03.149).
In French Guiana, research assistants compile data from medical records at the sites treating patients with ESRD. The data includes information on the patient's socio-demographic profile, onset of renal disease, clinical condition, treatment modalities, transfer between facilities, weaning, renal transplant attempts, and death. Most patients with ESRD did not actually get a renal biopsy: 15% of patients included between 2011 and 2016 had it. However, the diagnosis was performed after non-invasive evaluation by nephrologists (biology on blood and urine, kidney and abdominal ultrasounds, abdominal scanner, and sometimes angiography).
Demographic data came from census data by the INSEE (Institut National des Statistiques et des Etudes Economiques).
In order to infer the number of severe renal failure cases and moderate renal failure cases in French Guiana we used the estimates from the NHANES study (National Health and Nutrition Examination Surveys) [13] .
Among the key study outcomes were: the prevalence of ESRD which was calculated as the number of patients with ESRD relative to the population concerned; the incidence of death among patients included in the registry, by country of origin; and the age distribution of patients with ESRD by nationality.
In order to compare the prevalence of ESRD in the French population of French Guiana with the prevalence among migrants we divided the number of French patients by the number of French persons in French Guiana according to the INSEE and compared it with the number of foreign patients divided by the total number of foreigners living in French Guiana. We also calculated the attributable risk in foreigners and in the global population of ESRD.
Longitudinal data was analyzed using survival analysis. Death was the single failure event. Kaplan-Meier curves were obtained and incidence rates were obtained. Cox proportional Hazards modelling was used to look at differences by country of origin. The proportionality of hazards was tested using Schoenfeld and scaled Schoenfeld residuals.
Data analysis was performed using STATA 12 (STATA Corp, College Station, Texas).
RESULTS
Overall there were 434 patients, and 1034 records, with 1263 person-years at risk, 166 patients died. There were 194 foreign patients and 219 French patients, and 21 of unknown nationality. Overall, the incidence rate of ESRD was 12.6 per 100 person-years (median survival time 5.3 years).
For ESRD, nearly half (49%) of patients starting dialysis were of foreign origin. Considering the French and foreign populations in French Guiana, the odds ratio of ESRD was thus 2.2 (95% CI = 1.8-2.8, p < 0.0001) for foreigners relative to French citizens. However, given the fact that most foreigners are adults we used the number of French or foreign adults as denominator. Thus, when looking at adults only, there still was a difference between French citizens and immigrants, with an odds ratio of 1.45 (95% CI = 1.17-1.7), p < 0.001. There was a significant age difference between foreign patients with ESRD and French patients with ESRD, who were aged 58.9 years (SD = 13.79) vs. 62.2 years (SD = 16.03), respectively (p = 0.02).
When looking into details, the mean age for immigrants from Brazil, Guyana, Haiti and Suriname was 56.9, 50.3, 61 and 56 years, respectively (Fig. 1) .
When comparing the three main causes of nephropathy by French or status there was no significant difference for the cause of ESRD: hypertension (34.8.% vs. 33.1%, respectively, p = 0.69), diabetes (31.6% vs. 32.2%, respectively, p = 0.89). However, there was a significant difference for infectious nephropathies, with foreign patients being more frequently affected (5.1% vs. 11.2%, respectively, p = 0.01). Figure 2 shows the Kaplan Meier curve for death in French Guiana and that about half of the patients died within 5 years. There was no significant difference between French citizens or migrants regarding the underlying nephropathy, or crude mortality. The hazard ratio was 1.11 (95% CI = 0.81-1.53), p = 0.5. The proportional hazards assumption was fulfilled (global test, p = 0.26).
However, when adjusting for age and looking at specific nationalities, patients from Guyana, Brazil, and the Dominican Republic, seemed to have a greater mortality (Table 1 ).
DISCUSSION
Although half of patients on dialysis were migrants, when considering only the adult population, there was significant difference of ESRD prevalence between migrant and French patients. However, when looking at patient age, migrants with ESRD were significantly Delayed access to care may result from problems with the right to access healthcare, or they may result from health seeking behavior that is mostly oriented towards curative care and not prevention or screening. Non-painful conditions such as high blood pressure or diabetes may evolve for prolonged periods and may be discovered only when complications appear, one of these complication being ESRD [14] . There were no patent differences in the causal nephropathies, but foreign patients seemed more at risk of infectious causes for kidney disease, mostly HIV, which can easily be explained by the fact that over 75% of HIV patients in French Guiana are foreigners [15] . When looking more into details, patients from Brazil, Guyana, and Suriname where younger than French patients. Patients from Haiti were not younger than French patients. There was no difference regarding the underlying cause of ESRD between migrants and French citizens. After controlling for age, some nationalities seemed to have a greater ESRD mortality rate. Persons from Guyana, Brazil, the Dominican Republic, had a greater mortality, whereas the first and second largest immigrant communities, Surinamese and Haitians, did not.
Kidney disease is often silent until late stages. Thus the majority of persons with CKD (chronic kidney disease) are unaware that they have impaired renal function [16] . In French Guiana, the proportion of persons who are unaware of their renal disease is also presumably very high, and this proportion may be even higher among immigrants. The estimation of the prevalence of earlier stages of chronic renal failure is important for disease management and prevention. In the USA, it was estimated that 16% of the adult population (over 20 million persons) had some stage of kidney failure, and that 661,648 had ESRD. Thus, in the USA, about 3.3% of persons with CKD had ESRD. It was also estimated in the USA that most persons are unaware of having chronic kidney disease. At baseline, 9.4% of persons with CKD knew that they had impaired renal function in [2001] [2002] [2003] [2004] [2005] [2006] . Among patients with CKD, it was estimated that 13% had stage 1, 24% stage 2, 57.5% had stage 3 and 2.6% had stage 4 renal disease [17] . If we extrapolate these proportions to French Guiana, this would mean that over 12 000 patients have chronic kidney failure among whom are 1677 with stage 1, 2981 with stage 2, 7174 with stage 3, and 326 with stage 4 renal disease, and finally 504 patients with stage 5 renal disease. This represents a very large number of patients in a territory that has very few specialist. Since the REIN registry concerns patients who have access to care, and given the specific conditions of French Guiana where a significant proportion of the population lives far from specialized health centers, it is likely that our registry only includes part of the ESRD cases. In addition, in French Guiana, some of the illegal immigrants are not included in the INSEEs population estimate. Thus, the prevalence of ESRD in French Guiana is probably higher than the estimates from the REIN registry.
Identifying patients with diabetes or hypertension before developing complications is challenging in the most socially vulnerable patients. However, health mediators integrated within the socially vulnerable communities have shown their usefulness in several chronic diseases at the time of screening and in subsequent phases of care. For example, if we hypothesize that a health mediator program could reduce by 25% the number of patients for whom hypertension or diabetes are discovered at the stage of complications, this would imply for ESRD only, considerable benefits in financial terms [18, 19] .
In French Guiana, health inequalities are patent for a broad range of pathologies for all age groups, from infectious diseases to non-communicable diseases [20] [21] [22] [23] [24] [25] .
In all the above studies, being an immigrant is used as a proxy to poverty, vulnerability and difficulties in accessing care leading to patent health inequalities. A recent study in the poorest neighborhoods around Cayenne showed that although most persons (73.4%) declared that it was easy to see a physician, 21% had renounced care in French Guiana [26] . However, counter-intuitively, 66.4% of persons having renounced care said it was easy to see a doctor.
In conclusion, although there was no difference in ESRD prevalence between migrants and French citizens in French Guiana, while the age at diagnosis of ESRD was younger in immigrants from neighboring countries: Guyana, Suriname, and Brazil. Age-adjusted mortality was higher in some immigrant groups relative to French patients. Efforts should be made to mitigate the burden of ESRD in French Guiana. Given the demanding minimum physical requirements of migration, it is likely that most migrants develop terminal renal failure within French Guiana and not in their country of origin. Ensuring optimal health care access for migrants with potential causes of renal failure such as diabetes or hypertension, and specialized care for those with earlier stages of renal disease, could have significant benefits.
